Summary. The 
Introduction
The tammar wallaby (Macropus eugenii) is unusual among the macropodid marsupials in that the corpus luteum of post-partum ovulation formed in January or February in the southern hemisphere remains quiescent and the blastocyst in diapause for several months after the end of lactation in October. Reactivation of the corpus luteum and blastocyst occurs synchronously in all adult females after the summer solstice in December (Berger, 1966; Renfree & Tyndale-Biscoe, 1973; Sadleir & Tyndale-Biscoe, 1977) . By contrast, the corpus luteum of another seasonally breeding wallaby, the island dwelling quokka (Setonix brachyurus), involutes after lactation ceases in September, the blastocyst degenerates and the animal enters a true anoestrus (Sharman, 1955; . Interstitial tissue is a prominent component of the tammar ovary at all times (Renfree & Tyndale-Biscoe, 1973) , whereas it is absent from the quokka ovary.
From these observations we postulated that the corpus luteum or the interstitial tissue separately or together may be responsible for the maintenance of quiescence and the prolonged survival of the blastocyst in the tammar. We have tested this idea by selective ablation of the components of the ovary at the beginning of seasonal quiescence in September and studied the subsequent fate of the embryos after the summer solstice in December. Hearn (1972 Hearn ( , 1973 Hearn ( , 1974 showed that seasonal quiescence is not associated with reduced gonadotrophin concentrations, as in true anoestrus, but results from a tonic inhibition of the corpus luteum by the pituitary, which can be released by hypophysectomy. Quiescence after hypothalamic sensitivity to ovarian feedback. The second objective of this study was therefore to examine the pituitary response to deprivation of the various ovarian components during seasonal quiescence by measuring luteinizing hormone (LH) concentrations in peripheral plasma from the time of operation until after the summer solstice.
Materials and Methods
The animals were taken from a breeding colony of tammar wallabies derived from Kangaroo Island stock and maintained in Canberra. They were held in open grassy yards and provided with supplementary lucerne hay and oats. The females selected for the experiments were all adult and were post-lactational or near the end of lactation. The young were removed from the lactating females at the start of the project. The ovaries were exposed by mid-line laparotomy under pentobarbitone sodium anaesthesia. The ovary bearing the quiescent corpus luteum was noted and either this ovary alone (Group 3, Table 1 ) or both ovaries (Group 2) were removed by cautery at the hilus. In another group of bilaterally ovariectomized females (Group 4) the dark brown interstitial tissue and corpus luteum were dissected away and the pale coloured pieces of cortex of both ovaries returned to subcutaneous pockets in the pouch region. The skin of the pouch is thin and translucent so that the progress of the ovarian grafts could be followed by direct observation. After recovery from surgery the animals were returned to open yards, isolated from males and were examined and bled once a month until December and then more frequently. From Jnauary they were examined daily for birth and post-partum oestrus. Blood samples were collected from the lateral tail vein and the plasma stored at -20°C until assay.
In late January or early February, when intact control animals (Group 1) gave birth, all except one group of experimental animals (Group 2b) were killed and the urogenital tracts and ovarian grafts were dissected out. Both uteri were flushed with saline (9 g NaCl/1) to recover embryos or unfertilized eggs. Ovaries, grafts and uteri were fixed in Bouin's fluid, sectioned at 7 urn and stained with Heidenhain's iron haematoxylin and eosin.
The surviving group of bilaterally ovariectomized animals (Group 2b) was held until April when each animal was given a daily injection (i.m.) of 20 mg progesterone in oil for 10 days. This treatment induces blastocyst reactivation in intact females during seasonal quiescence Renfree & Tyndale-Biscoe, 1973) . No controls could be used because intact animals reactivate spontaneously at this time of year. These animals were killed at the end of April and examined in the same way as the other animals.
Hormone assay LH was measured by heterologous radioimmunoassay described in detail by Hodges (1978) and based on the assay for rat LH reported by Welschen et al. (1975) . The M-phosphate buffer) and incubation was continued at 4°C for 12 h. Phosphate buffer (1 ml 0-01 M, pK 7-5) was added to each tube immediately before centrifugation at 500 g for 30 min at 4°C. The supernatant was discarded and the antibody-bound 125I-labelled LH in the precipitate was measured in an automatic gamma counter.
The limit of detection in this system was 1-0 ng/ml with an intra-assay variation level between replicates of 3 5% and an interassay variation of 8%. Because there was no standard preparation of wallaby LH available, the assay was validated biologically with plasma from intact, ovariectomized and hypophysectomized wallabies. LH concentrations were 1-1-3-4 ng/ml (mean 2-3 ng/ml, = 25) in intact females, 3-0-7-3 ng/ml (mean 5-7 ng/ml, = 12) in ovariectomized females 4-6 months after removal of the ovaries, and below the detection limit of the assay in 15 hypophysectomized wallabies.
Results
Group 2: bilateral ovariectomy Of the 9 females bilaterally ovariectomized 8 were pregnant but in none did pregnancy go to term ( ng/ml on 29 January when the graft contained 5 follicles and no luteal tissue, and it is possible that this was part of the preovulatory LH peak as described by Sutherland, .
Discussion
The tammar blastocyst normally survives in diapause for 11 months in the intact female (Berger, 1966) and the present results demonstrate that, for the last 4 months of this period at least, its survival does not depend on any part of the ovary being present. Indeed, blastocyst survival was better in bilaterally ovariectomized females and in those in which the ovarian grafts failed to take than in those which retained non-luteal ovarian tissue. The failure of blastocysts to reactivate normally at 15 months post coitum when the mothers were treated with progesterone suggests that, although not yet dead, the blastocysts were by then no longer capable of normal development. Since the size and condition of the uteri of bilaterally ovariectomized females more nearly resembled those of intact quiescent females than those of hypophysectomized females, it is possible that they were maintained by progesterone from the adrenal cortex. Sernia, Hinds & Tyndale-Biscoe (1980) observed no difference in plasma concentrations, production rate or metabolic clearance of progesterone between intact quiescent and ovariectomized female tammars. Since the uteri of females 2 months after hypophysectomy became quite regressed and similar to those of anoestrous quokkas (see , the elevated pituitary gonadotrophin secretion after bilateral ovariectomy may have stimulated the adrenal cortex to secrete progesterone and compensate for the ovaries. Vinson & Renfree (1975) who showed that the negative feedback applies to FSH as well as to LH.
In the present study with lactationally quiescent females the pituitary response to bilateral ovariectomy developed more slowly than in females ovariectomized during the breeding season (Evans et ai, 1980) , when elevation of LH occurred 2 weeks after ovariectomy, and this suggests that there may be seasonal differences in hypothalamic sensitivity to ovarian inhibition, as suggested by Hearn et ai (1977) 
